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The following references are cited for the first time in this office action. 
1. WO 0 230 328 Al 



The examination procedure is based on patent claims 1 to 16, filed June 24, 2003, 
and will be continued as requested. 

The new patent claim 1 follows from the features of the original patent claims 1 
and 4 as well as a feature described in the specification (lines 21, 22 on page 10). It is 
therefore disclosed in the original patent documents and is permissible. 

In agreement with the arguments presented by the applicant, the method disclosed 
in the present claim 1 differs from the method disclosed in reference 1 by the method 
parameters listed therein. The method according to patent claim 1 is therefore new and 
distinguished over the reference 1. However, this limitation of the set of claims still 
cannot lead to success. 

With the method known from reference 1 for smoothing and polishing a surface 
with laser radiation, the surface to be smoothed is melted up to a depth of 2-3 |xm (lines 
27-34, column 3). To achieved the detected smoothing, the melting depth obviously must 
exceed the depth of the structures to be smoothed out, which is within the meaning of the 
preamble to patent claim 1. For the smoothing operation, pulsed laser light is used for 
which the pulse duration, adapted tot eh depth of the structures to be smoothed, is in the 
range between lO^is and 10ns (compare lines 3 1-52 in column 3). In contrast, a laser 
radiation having a pulse duration of more than 100|xs is used for the first variant of the 
method in question. 
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For the person skilled in the art of laser-material processing, it is part of his 
knowledge that the processing parameters for smoothing a work piece surface depend on 
the depth of the structures to be smoothed. To achieve the desired smoothing result even 
with high structural depths, the person skilled in the art must therefore adapt the 
processing parameters accordingly, so that the melting depth is higher than the structures 
to be smoothed. The formula in reference 1 (line 40, column 2) shows that the melting 
depth can be increased through lengthening the pulse duration of the laser output. Thus, 
the person skilled in the art will accordingly lengthen the pulse duration of the laser 
radiation for smoothing structures with higher structural depths, in particular to more than 
100 (is (see also reference 2; lines 32-33) to obtain the desired smooth surface. By using 
these steps, a method having all the features of the present claim 1 will result 
immediately. Thus, the first variant of the method according to patent claim 1 is not 
patentable due to a lack of inventive activity. 

The second variant of the method according to claim 1 differs from the first 
variant in that a continuous laser radiation is used. Reference 2 already teaches the 
smoothing of surface with continuous laser radiation (compare line 14 on page 4 to line 7 
on page 5). Depending on the characteristics of the material to be processed, the person 
skilled in the art will indeed use continuous laser radiation for smoothing structures with 
high structural depths, which require a melting of the of the surface up to a depth of 
lOjxm to 100 nm. Thus, the second variant v of the method with the features of the present 
patent claim 1 suggests itself from the cited reference 2 and is also not patentable for lack 
of inventive activity. 
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With respect to the other patent claims, we point to the Office Action from 
February 18, 2003. 

Should applicant see a special features in a method restricted by the features in 
patent claim 2, applicant can file patent claims formulated to that effect with the request 
for a patent granting. However, the application as filed and with the presently available 
documents will have to be rejected. 

Examination Office for Class B 23 K 
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Die weitere Prufung der oben genannten Patentanmeldung hat zu dem nachstehenden Ergebnis gefuhrt. 
Zur Au&erung wird eine Frist von 

4 Monat(en) 

gewShrt, die mit der Zustellung beginnt. 

Fiir Unterlagen, die der Au&erung gegebenenfalls beigefugt werden (z.B. Beschreibung, Beschreibungsteile, PatentansprQche, 
Zeichnungen), sind je zwei Ausfertigungen auf gesonderten Biattern erforderiich. Die Au&erung selbst wird nur in einfacher 
Ausfertigung benotigt. 

Werden die Beschreibung, die PatentansprQche Oder die Zeichnungen im Laufe des Verfahrens geSndert, so hat der Anmelder, 
sofern die Anderungen nicht vom Deutschen Patent- und Markenamt vorgeschlagen sind, im Einzelnen anzugeben, an welcher 
Stelie die in den neuen Unterlagen beschriebenen Erfindungsmerkmale in den ursprunglichen Unterlagen offenbart sind. 
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Hinweis auf die Moglichkeit der Gebrauchsmusterabzweigung 

Der Anmelder einer mit Wirkung fQr die Bundesrepublik Deutschland eingereichten Patentanmeldung kann eine Gebrauchsmusteranmeldung, 
die den gleichen Gegenstand betrifft, einreichen und gleichzeitig den Anmeldetag der frtiheren Patentanmeldung in Anspruch nehmen. Diese 
Abzweigung (§ 5 Gebrauchsmustergesetz) ist bis zum Ablauf von 2 Monaten nach dem Ende des Monats mbglich, in dem die 
Patentanmeldung durch rechtskrSftige Zuruckweisung; freiwillige RQcknahme Oder ROcknahmefiktion eriedigt, ein Einspruchsverfahren 
abgeschlossen oder - im Falle der Erteilung des Patents - die Frist fQr die Beschwerde gegen den Erteilungsbeschluss fruchtlos verstrichen ist. 
AusfUhrliche Informationen Ober die Erfordernisse einer Gebrauchsmusteranmeldung, einschliefilich der Abzweigung, enthait das Merkblatt fQr 
Gebrauchsmusteranmelder <G 6181), welches kostenlos beim Patent- und Markenamt und den Patentinformationszentren erh§ltlich ist 
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In diesem Bescheid ist folgende Druckschrift erstmals genannt: 
2) WO 0 230 328 A1 

Dem PrOfungsverfahren liegen nunmehr die Patentarisprtiche 1 bis 16 mit Eingangsdatum 
24. Juni 2003 zugrunde, mit denen das PrOfungsverfahren antragsgemSIJ fortgesetzt wird. 

Der neue Patentanspruch 1 geht aus den Merkmalen der urspriinglichen Patentanspriiche 1 
und 4 sowie einem Merkmal aus der Beschreibung (S. 10, Z. 21-22) hervor. Er ist somit in 
den urspriinglichen Anmeldeunterlagen offenbart und damit zulassig. 

In Ubereinstimmung mit der Argumentation der Anmelderin unterscheidet sich das Verfahren 
des geltenden Patentanspruchs 1 von dem aus der Druckschrift 1 bekannten Verfahren 
durch die hier angegebenen Verfahrensparameter. Daher ist das Verfahren gemass dem 
Patentanspruch 1 gegenOber dem aus der Druckschrift 1 bekannten neu. Dennoch kann die 
Beschrankung des Patentbegehrens nicht zum Erfolg fuhren. 

Bei dem aus der Druckschrift 1 bekannten Verfahren zum Gotten und Polieren von Oberfla- 
chen mit Laserstrahlung wird die zu glattende Oberflache bis zu einer Umschmelztiefe von 
2 - 3 urn umgeschmolzen (vgl. Sp. 3, Z. 27-34). Urn die dort festgestellte GISttung zu erzie- 
len, ist es offensichtlich, dass die Umschmelztiefe groGer als die Strukturtiefe der zu glatten- 
den Strukturen sein muss, ganz im Sinne des Oberbegriffs des Patentanspruchs 1. FOr den 
Glattvorgang wird dort gepulste Laserstrahlung eingesetzt, deren Pulsdauer, angepasst an 
die Tiefe der zu glattenden Struktur, im Bereich zwischen 10 ps und 10 ns liegt (vgl. Sp. 3, 
Z. 31-52). DemgegenQber wird bei der ersten Variante des in Rede stehenden Verfahrehs 
Laserstrahlung mit einer Pulsdauer groBer 1 00 ps venvendet. 

FOr den mit Fragestellungen auf dem Gebiet der Laserstrahlmaterialbearbeitung betrauten 
Fachmann gehort es zum Fachwissen, dass die fur die Glattung einer Werkstuckoberflache 
erforderlichen Bearbeitungsparameter von der Tiefe der zu glattenden Strukturen abhangen. 
Urn auch bei groBen Strukturtiefen das gewOnschte Glattungsergebnis zu erreichen, muss 
der Fachmann daher die Bearbeitungsparameter derart anpassen, dass die Umschmelztiefe 
groRer als die Strukturtiefe der zu glattenden 



Strukturen ist. Wie der Formel aus Druckschrift 1 zu entnehmen ist (vgl. Sp. 2, Z. 40), kann 
die Umschmelztiefe durch Verlangerung der Pulsdauer der Laserleistung vergroBert werden. 
Somit wird der Fachmann bei der Glattung von Strukturen mit hoheren Strukturtiefen die 
Pulsdauer der Laserstrahlung entsprechend veriangern, insbesondere auf mehr als 100 |js 
(vgl. auch Druckschrift 2, Z. Z. 32-33), urn die gewunschte glatte Oberflache zu erzielen. 
Durch eine solche Vorgehensweise ergibt sich unmittelbar ohne erfinderisches Handeln ein 
Verfahren mit samtlichen Merkmalen des geltenden Patentanspruchs 1 . Daher ist die erste 
Variante des Verfahrens nach Patentanspruch 1 mangels erfinderischer Tatigkeit nicht pa- 
tentfahig. 

Die zweite Variante des Verfahrens nach Patentanspruchs 1 unterscheidet sich von der 
ersten Variante dadurch, dass hier kontinuierliche Laserstrahlung verwendet wird. Bereits die 
Druckschrift 2 lehrt, Oberflachen mittels kontinuierlicher Laserstrahlung durch Umschmelzen 
zu glatten (vgl. S. 4, Z. 14 bis S. 5, Z. 7). Abhangig von den Eigenschaften des zu bearbei- 
tenden Materials bietet es sich fur den Fachmann durchaus an, kontinuierliche Laserstrah- 
lung auch zur Glattung von Strukturen mit derart hohen Strukturtiefen zu verwenden, die das 
Umschmelzen der Oberflache bis zu einer Umschmelztiefe zwischen 10 pm bis 100 er- 
forderlich machen. Somit ist die zweite Variante des Verfahrens mit den Merkmalen des 
geltenden Patentanspiruchs 1 aus der Druckschrift 2 nahegelegt und daher mangels erfinde- 
rischer Tatigkeit ebenf alls nicht patentfahig. 

Hinsichtlich der Patentfahigkeit der ubrigen Patentanspruchen wird auf den Bescheid vom 
18. Februar 2003 verwiesen. 

Sollte die Anmelderin in einem durch die Merkmale des Patentanspruchs 2 beschrankten 
Verfahren eine Besonderheit sehen, sei ihr anheimgestellt, mit entsprechend formulierten 
Patentanspruchen den Antrag auf Erteilung eines Patentes weiterzuverfolgen. Im beantrag- 
ten Umfang und mit den geltenden Unterlagen musste hingegen die Anmeldung zuruckge- 
wiesen werden. 
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(57) Abstract: A desired portion of a stent may be polished by irradiating at least a portion of the surface of the stent substrate with 
a laser beam from the laser at a wavelength absorbed by the stent substrate to cause a controlled level of melting of the surface of the 
stent substrate and allowing the substrate material to solidify. 
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LASER POLISHING OF MEDICAL DEVICES 
BACKGROUND OF THE INVENTION 

Prior to insertion of a stent in a bodily vessel, it is typically necessary to 
polish the stent {o eliminate sharp corners on the edges of the stent and to provide as 
5 smooth a surface as possible. The presence of sharp edges may directly damage a vessel 
and may provide a site for collection of plaque and other deposits. Where the stent is 
balloon expandable, the presence of sharp edges may also lead to balloon bursts. A 
rough stent surface may result in medical complications such as the formation of 
thrombi and restenosis. 
10 Other implantable medical devices for which potishing may be beneficial 

include vena cava filters. 

A number of techniques have been used to polish stents and vena cava 
filters. One such technique involves the use of an abrasive to polish the material from 
which the stent is formed. Where polishing is not possible prior to stent formation, the 
15 formed stent may be polished using abrasives or electropolishing techniques. The use of 
abrasives to polish a stent is disclosed in US 5,746,691, US 5,788,558, US 5,902,475 
and US 6,086,455. An electropolishing technique is disclosed in US 5,344,425. 
Electropolishing techniques typically polish surfaces to a mean roughness of 300-400 
nm. Electropolishing is only suitable on certain surfaces, however, such as stainless 
20 steel, copper alloys and aluminum alloys. 

Electrpolishing has also been used to polish medical guidewires as 
disclosed in US 5,178,158. 

There remains a need for novel techniques for polishing stents, vena cava 
filters and medical guidewires which result in smoother surfaces. 
25 All US patents and applications and all other published documents 

mentioned anywhere in this application are incorporated herein by reference in their 
entirety. 

The invention in various of its embodiment is summarized below. 
Additional details of the invention and/or additional embodiments of the invention may 
30 be found in the Detailed Description of the Invention below. 
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BRIEF SUMMARY OF THE INVENTION 

In one embodiment, the invention is directed to a method of polishing at 
least a portion of a stent substrate. The method comprises the steps of providing a stent 
substrate, providing a laser operating at a wavelength absorbable by the stent substrate 
5 and irradiating the surface of the stent substrate with a laser beam from the laser at a 
wavelength absorbed by the stent substrate to cause a controlled level of melting of the 
surface of the stent substrate. Finally, the stent substrate is allowed to solidify. 

The invention is also directed to a method of polishing at least a portion 
of a stent substrate comprising the steps of providing a stent substrate, providing a laser 
10 operating at a wavelength absorbable by the stent substrate and directing a laser beam 
. output from the laser at a portion of the stent substrate, the laser beam characterized by a 
fluence of between about U/cm 2 and 5000 J/cm 2 . 

The invention is also directed to a method of polishing at least a portion 
of a stent substrate comprising the steps of providing a stent substrate, providing a laser 
15 operating at a wavelength absorbable by the stent substrate and directing a laser beam 
output from the laser at a portion of the stent substrate, the laser beam melting a surface 
layer of the stent substrate to a depth of no greater than 5 percent of the thickness of the 
stent substrate in the portion of the stent substrate impinged by the laser beam. 

The invention is further directed to a method of polishing at least a 
20 portion of a medical guidewire for use with a catheter. The method comprises the steps 
of providing a medical guidewire, providing a laser and irradiating the surface of the 
guidewire with a beam of radiation from the laser at a wavelength absorbed by the 
guidewire to cause a controlled level of melting of the surface of the guidewire in the 
portion of the guidewire impinged by the laser beam. Finally, the surface of the 
25 guidewire is allowed to solidify. 

The invention is also directed to a method of polishing at least a portion 
of a guidewire comprising the steps of providing a guidewire, providing a laser 
operating at a wavelength absorbable by the guidewire and directing a laser beam output 
from the laser at a portion of the guidewire, the laser beam melting a surface layer of the 
30 guidewire to a depth of no greater than 5 percent of the thickness of the guidewire in the 
portion of the guidewire impinged by the laser beam. 

The invention is also directed to a method of polishing at least a portion 



WO 02/30328 




PCTAJS01/27122 



r3- 



of a component for use with a catheter system. The method comprises the steps of 
providing the component for use with a catheter system, providing a laser operating at a 
wavelength absorbable by the component for use with a catheter system and directing a 
laser beam output from the laser at a portion of the component for use with a catheter 
5 system, the laser beam melting a surface layer of the component for use with catheter 
system to a depth of no greater than 5 percent of the thickness of the component in the 
portion of the component impinged by die laser beam. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING(S) 
10 Fig. 1 is a side elevational view of a tubular stent substrate; 

Fig. 2 is a schematic illustration of polishing a tubular stent substrate 

using a laser; 

Fig. 3 is a schematic illustration of polishing a stent substrate in the form 
of a sheet using a laser; 
15 Fig. 4 is a schematic illustration of polishing the inner surface of a 

tubular stent substrate using a laser; 

Fig. 5 is a schematic illustration of polishing the outer surface of a 
tubular stent substrate using a laser; 

Fig. 6 is a schematic illustration of polishing the edges of the struts of a 
20 tubular stent substrate using a laser; 

Fig. 7 is a schematic illustration of polishing the edges of a stent 
substrate in the form of a sheet using a laser; 

Fig. 8 is a schematic illustration of polishing a vena cava filter; and 

Fig. 9 is a schematic illustration of polishing a medical guidewire. 

25 

DETAILED DESCRIPTION OF THE INVENTION 

While this invention may be embodied in many different forms, there are 
described in detail herein specific preferred embodiments of the invention. This 
description is an exemplification of the principles of the invention and is not intended to 
30 limit the invention to the particular embodiments illustrated. 

For the purpose of this disclosure, unless otherwise indicated, identical 
reference numerals used in different figures refer to the same component 
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Also for the purpose of this disclosure, the term "stent substrate" refers to 
stents as well as stent precursors. Stent precursors include sheets of material prior to 
being rolled or otherwise formed into tubular stents. The sheets may have stent patterns 
cut or otherwise formed therein. Stent precursors also included tubes with or without 
5 stent patterns cut or otherwise formed therein. 

An exemplary tubular stent substrate is shown at 1 10 in Fig. 1 . Stent 
substrate 110 has an outer surface 130, an inner surface 132 and side surfaces 118 
extending between outer surface 130 and inner surface 132. Edges 120 are formed by 
the intersections between the inner surfaces and the side surfaces and by the 
10 intersections between the outer surfaces and the side surfaces. Stent 110 comprises a 
plurality of interconnected serpentine bands 140. Each band 140 comprises a plurality 
of interconnected struts 142. Adjacent bands are joined together by connecting 
members 144. 

An arrangement for carrying the inventive smoothing methods is shown 

15 generally at 1 00 in Fig. 2. Laser beam 1 04 output from laser 1 08 is directed toward the 
surface of stent substrate 1 10. Laser 104 is a pulsed NdrYAG laser operating at a 
wavelength of 1 .064 jLtm. Any other suitable laser which outputs radiation which can 
melt a surface layer of the stent substrate may also be used. The specific choice of laser 
will depend on the material on the surface of the stent substrate. For example, when the 

20 surface of the stent substrate is made from polymeric material, an excimer laser or a C0 2 
laser may be used. Where the surface of the stent substrate is made from metal, such as 
stainless steel or nitinol, a NdrYAG laser, C0 2 laser, frequency doubled YAG laser, 
diode laser or other laser may be used. Where the stent is coated with gold, a pulsed 
Nd: YAG laser operating at the 532-nm, second-harmonic wavelength may be used. 

25 Other facets of laser processing of stents with gold have been disclosed in copending US 
Application 09/458,851. Laser beam 108 is focused to a spot using optical element 1 14. 
Optical element 114 may comprise a single lens as shown in Fig. 2 or a plurality of 
lenses for focusing the beam to a desired spot size. The stent substrate surface in the 
region of the beam and a thin underlayer melts and is allowed to solidify, thereby 

30 polishing the stent substrate. 

Without being bound by theory, it is believed that the polishing effect is 
achieved by molten liquid surface tension and gravity which smooths out the liquid 
metal before solidification. 
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The depth of the melt region is controlled primarily by the amount of 
energy delivered to the irradiated area and the dwell time, i.e. the period during which a 
particular location on the substrate surface is irradiated. In the case of a pulsed laser 
beam, the dwell time is controlled by the pulse duration and pulse ftequency. The 
5 amount of energy is controlled by the power at which the beam is generated, by any 
attenuation between the beam source and area of impingement, by the degree of beam 
focusing and by the spatial characteristics of the beam. 

By adjusting the amount of energy delivered to the irradiated area and the 
dwell time, it is possible to melt and polish a thin surface layer of material without 

10 significantly raising the temperature of the underlying layers of the stent substrate 
thereby avoiding changing any temperature dependent properties of the underlying 
layers of the stent substrate. Where the stent substrate material has a low heat 
conductance and a high heat capacity, longer pulse durations may be used. Where the 
material has a high heat conductance and a low heat capacity, shorter pulse durations 

15 should be used. A mean surface roughness Ra as low as 20 nm or less may be achieved 
using the inventive methods. Waves in the surface of the stent substrate may also be 
smoothed out using the inventive methods. 

Desirably, a pulsed laser will be used. If a continuous laser is used, the 
laser beam may be modulated by shutter, for example, mechanical or optical to avoid 

20 excessive energy deposition. Excessive energy deposition may also be avoided by 
moving one of the stent substrate or the laser beam relative to the other. 

The stent substrate may be tubular as shown in Fig. 2 or in the form of a 
sheet as shown in Fig. 3 . Where the stent substrate is in sheet form during polishing, 
both sides of the sheet may be polished so that both the inner surface and the outer 

25 surface of the resulting stent will be polished. Because the technique is a line of sight 
technique, treating both sides of a sheet prior to forming a tube allows for a simpler 
polishing process than is possible with a stent formed from a tube. 

. In the case of a tubular stent substrate, as shown in Fig. 4, the inner 
surface 132 of the stent substrate 110 may be polished by directing and focusing laser 

30 beam 104 through the gaps 1 12 between adjacent struts using optical element 1 14. 

Stent substrate 1 10 is shown in longitudinal cross-section. By selecting a small depth of 
field of the focused laser beam, the outer surface of the stent may remain unaffected by 
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the laser beam because of the lower intensity of the beam in that region while the inner 
surface is polished. 

The invention contemplates polishing selected portions of the stent 
substrate or the entirety of the stent substrate. The exterior surface of the stent may be 
5 polished by impinging laser beam 108 at an angle normal to the exterior surface of stent 
substrate 1 10 as shown with tubular stent substrate in Fig. 2 and a sheet stent substrate 
in Fig. 3. 

As shown in Fig. 5, the outer diameter of a tubular stent substrate may 
also be polished by focusing a laser beam 1 04 via optical element 114 such that the 
10 required laser intensity occurs at the outer surface 1 30 of stent substrate 110. Any part 
of the beam that penetrates through gaps 1 12 between struts is designed to be diverging 
so that a lower intensity beam illuminates the inner surface 132 of the tubular stent 
substrate and has no polishing effect Stent substrate 1 10 is shown in transverse cross- 
section in Fig. 5. 

15 The edges or side surfaces of the struts of the stent may be polished by 

directing a tangential beam 104 toward tubular stent substrate 110 as shown in Fig. 6 
and sheet stent substrate in Fig. 7. Tangential beam 1 04 impinges side surfaces 118 and 
edges 120 of stent substrate 110 thereby polishing side surface 118 and edge 120 of the 
stent substrate. Stent substrate 1 10 is shown in transverse cross-section in Fig. 6 and in 

20 longitudinal cross-section in Fig. 7. 

Selected portions of the stent substrate may also be polished by masking 
portions of the stent substrate. The mask may comprise a coating of an appropriate 
maskant on the surface of the stent substrate or the mask may comprise a separate 
device which is disposed at least partially in the path of the beam. 

25 In treating the stent substrate, the laser may be held stationary and the 

stent substrate rotated and/or translated or otherwise moved in the path of the beam. 
Alternatively, the stent substrate may be held stationary by any suitable device including 
a mandril and the laser beam moved. In the latter case, the beam may be moved by 
moving the laser itself or by refocusing the beam via the optical system. For example, 

30 in the case of a tubular stent substrate, the laser may be mounted on a ring disposed 
about the stent substrate and moved along the ring about the circumference of the stent 
substrate. The ring may also be translated in a longitudinal direction relative to the stent 
substrate or the ring may be fixed in place and the stent substrate moved in a 
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longitudinal direction. The beam may also be focused intd a ring as disclosed in 

commonly assigned and cofiled US patent application entitled Method of Applying a 

Laser Beam Around the Circumference of a Catheter corresponding to attorney docket 

number S63 .2-8765 so as to polish a circumferential band. 
5 Where the stent substrate is in the form of a tube, a stent pattern may be 

cut therein desirably prior to laser polishing. The invention also contemplates cutting 

the stent pattern in the tube subsequent to laser polishing. 

Similarly, where the stent substrate is in the form of a sheet, a stent 

pattern may desirably be cut into the sheet prior to polishing. The invention also 
10 contemplates cutting the pattern into the sheet subsequent to polishing. Regardless of 

when the polishing is done, the sheet is then rolled into a tube and welded. The welded 

stent may then be subjected to additional polishing, whether laser polishing, 

electropolishing or abrasive polishing along the weld to remove any surface 

irregularities resulting from the weld. 
15 Techniques for cutting stent patterns in tubes and sheets are well known 

in the art and include laser etching, chemical etching, mechanical cutting and 

electrodischarge machining. 

In the practice of the invention, where a stent substrate containing a 

readily oxidizable metal, for example, stainless steel or titanium, is being polished, it 
20 may be desirable to exclude oxygen from the substrate surface. This may be 

accomplished by providing an inert shield gas about the stent substrate. For example, 

the stent substrate may be placed in a chamber and an inert gas provided in the chamber. 

Suitable inert gasses include nitrogen, argon, krypton, xenon and any other gasses that 

prevent oxidation. Oxygen may also be excluded by providing the stent substrate in a 
25 chamber and evacuating the chamber. Desirably, the chamber will be evacuated prior to 

irradiating the stent substrate and the chamber maintained under vacuum during the 

irradiation. Irradiating under a vacuum also reduces the likelihood of plasma formation. 

Oxygen removal is not an issue where the stent substrate material is not readily oxidized 

such as gold. 

30 In accordance with the invention, a stainless steel stent substrate may be 

polished using a pulsed Nd: Yag laser operating at 1 .064 txm. The laser energy may be 
delivered directed or via a fiber. A single pulse of duration ranging from 10 fzs to 1 ms 
with a pulse energy ranging from 1 mJ to 1 J and a spot size of about 100 fzm to about 
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800/4m in diameter is sufficient to polish the portion of the stent irradiated by the beam. 
Desirably, the pulse duration will range from 10 /zs to 0.1 ms and will be focused to a 
spot size of 400 fum with a depth of focus of 0.5 mm using a lens with a 100 mm focal 
length. Also desirably, the pulse energy will range from 50 mJ to 250 mJ. Where 
5 portions of the stent in excess of the spot size are to be polished, the pulse repetition rate 
is from about 1 Hz to about 50 Hz. Desirably a pulse repetition of about 1 Hz is used 
for polishing regions exceeding the spot size. It is noted that these parameters are 
exemplary. Parameters outside of the above ranges may also be used to polish a stent. 
For example, where the beam is focused to a smaller spot size, a pulse of shorter 

10 duration and/or lower energy may be used. The parameters are selected to allow for 
sufficient surface melting for polishing without excessive melting. 

Hie invention is also directed to a method of polishing at least a portion 
of a stent substrate comprising the steps of providing a stent substrate, providing a laser 
operating at a wavelength absorbable by the stent substrate and directing a laser beam 

15 output from the laser at a portion of the stent substrate, the laser beam characterized by a 
fluence of between about 1 J/cm 2 and 5000 J/cm 2 . Within this range, the surface of the 
stent substrate is rendered smooth and polished. 

The invention is also directed to a method of polishing at least a portion 
of a stent substrate comprising the steps of providing a stent substrate, providing a laser 

20 operating at a wavelength absorbable by the stent substrate and directing a laser beam 
output from the laser at a portion of the stent substrate, the laser beam melting a surface 
layer of the stent substrate to a depth of no greater than 5 percent of the thickness of the 
stent substrate in the portion of the stent substrate impinged by the laser beam. As 
discussed above, the depth of the melting may be controlled by the amount of power 

25 delivered to the surface of the stent substrate. If an excessive amount of power is 

delivered to the stent substrate and the stent substrate is melted to a depth in excess of 5 
percent of the thickness of the stent substrate, the physical properties of the stent may be 
undesirably altered. 

The invention also contemplates laser polishing a stent substrate in 

30 combination with other polishing techniques. For example, laser polishing may precede 
or follow electropolishing of a stent substrate or abrasive polishing of a stent substrate. 
Moreover, certain regions of a stent substrate may be polished via electropolishing or 
abrasive polishing and other regions of the stent may be polished using laser polishing. 
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It is noted that a laser beam, generated at power levels comparable to 
those used in laser polishing but focused to a substantially smaller irradiation area, has 
been found to form a dimple or a depression on the substrate surfece. The formation of 
dimples or depressions is believed to be due to the Gaussian shaped intensity profile of 
5 the laser beam. It may be desirable to form such dimples or depressions oyer desired 
portions of the stent to prevent slippage between a stent and a balloon. 

The inventive methods may be used to polish a variety of stent substrates 
including polymeric stent substrates and metal stent substrates and stent substrates made 
from a combination of polymeric and metallic materials. Lathe case of metal stent 
10 substrates, the inventive techniques may be used to polish stent substrates made from a 
single metal or stent substrates made from a plurality of metals, including plated or 
otherwise coated stent substrates. Such stent substrate include stent substrates formed 
of a base metal such as stainless steel and coated with a precious metal such as gold are 
known in the art The inventive methods have proven particularly useful in polishing 
15 gold plated stainless steel stent substrates. 

The inventive methods may also be used to polish a variety of other 
medical devices which are designed to be implantable in bodily lumen including vena 
cava filters. An example of a vena cava filter is shown in US 5,836,969. Vena cava 
filters may be polished using any of the techniques discussed above with respect to stent 
20 substrates. As shown in Fig. 8, laser beam 104 generated by laser 108 is focused by lens 
1 14 and directed at vena cava filter 134 to polish the vena cava filter. 

The inventive methods may also be used to polish medical guidewires. 
An example of a guidewire is disclosed in US 6,004,279 and U.S. 5,385,152. As shown 
in Fig. 9, laser beam 104 generated by laser 108 is focused by lens 1 14 and directed at 
25 guidewire 138 to polish the guidewire. 

To that end, the invention is further directed to a method of polishing at 
least a portion of a medical guidewire for use with a catheter. The method comprises 
the steps of providing a medical guidewire, providing a laser; and irradiating the surface 
of the guidewire with a beam of radiation from the laser at a wavelength absorbed by the 
30 guidewire to cause a controlled level of melting of the surface of the guidewire. Finally, 
the surface of the guidewire is allowed to solidify. 

The invention is also directed to a method of polishing at least a portion 
of a guidewire comprising the steps of providing a guidewire, providing a laser 
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operating at a wavelength absorbable by the guidewire and directing a laser beam output 
from the laser at a portion of the guidewire, the laser beam melting a surface layer of the 
guidewire to a depth of no greater than 5 percent of the thickness of the guidewire in the 
portion of the guidewire impinged by the laser beam. 
5 Select portions of the medical guidewire may be polished or the entirety 

of the medical guidewire may be polished using the inventive methods. The guidewire 
may be rotated and/or translated relative to the laser beam or the laser beam may be 
moved relative to the guidewire. 

The invention is also directed to a method of polishing at least a portion 

10 of a component for use with a catheter system. The method comprises the steps of 

providing the component for use with a catheter system, providing a laser operating at a 
wavelength absorbable by the component for use with a catheter system and directing a 
laser beam output from the laser at a portion of the component for use with a catheter 
system, the laser beam melting a surface layer of the component for use with catheter 

15 system to a depth of no greater than 5 percent of the thickness of the component in the 
portion of the component impinged by the laser beam. The component may be a stent, a 
vena cava filter or a guidewire. 

Any of the abo ve-mentioned inventive methods may be combined with 
conventional polishing techniques. 

20 In addition to being directed to the embodiments described above and 

claimed below, the present invention is further directed to embodiments having different 
combinations of the dependent features described above and claimed below. 

The above disclosure is intended to be illustrative and not exhaustive. 
This description will suggest many variations and alternatives to one of ordinary skill in 

25 this art. All these alternatives and variations are intended to be included within the 
scope of the attached claims. Those familiar with the art may recognize other 
equivalents to the specific embodiments described herein which equivalents are also 
intended to be encompassed by the claims attached hereto. 

The contents of parent U.S. application No. 09/689,142 filed October 12, 

30 2000 are incorporated herein by reference in their entirety. 
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CLAIMS: ' 

I . A method of polishing at least a portion of a stent substrate comprising the steps 
of: 

providing a stent substrate; 
5 providing a laser operating at a wavelength absorbable by the stent substrate; and 

irradiating at least a portion of the surface of the stent substrate with a laser 
beam from the iaser at a wavelength absorbed by the stent substrate to cause a controlled 
level of melting of the surface of the stent substrate; and 
allowing the substrate material to solidify. 
10 2, The method of claim 1 further comprising the step of providing an inert gas 
about the stent during the irradiating step. 

3 . The method of claim 2 wherein the surface of the stent substrate comprises 
stainless steel. 

4. The method of claim 1 wherein the stent substrate is placed in a chamber prior to 
15 the irradiating step and the chamber evacuated prior to the irradiating step. 

5. The method of claim 4 wherein the stent substrate is maintained ™ a v»^uum 
during the irradiating step. 

6. The method of claim 5 wherein the surface of die stent substrate comprises 
stainless steel: 

20 7. The method of claim 1 wherein the entirety of the stent substrate is polished. 

8. The method of claim 7 wherein the laser is scanned across a portion of the stent 
substrate. 

9. The method of claim 1 wherein the laser is pulsed. 

1 0. The method of claim 1 wherein the laser is a continuous laser and the laser beam 
25 is modulated. 

II. The method of claim 1 0 wherein the laser beam is modulated by a shutter. 

12. The method of claim 1 1 wherein the shutter is mechanical or optical. 

13. The method of claim 1 wherein the stent substrate is made of polymeric material. 

14. The method of claim 13 wherein the laser is an excimer laser or a C0 2 laser. 
30 16. The method of claim 1 wherein the stent substrate is made of metal. 

17. The method of claim 1 wherein the stent comprises a coating. 

1 8. The method of claim 1 7 wherein the coating is gold. 
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1 9. The method of claim 1 further comprising the step of electropolishing at least a 
portion of the stent substrate. 

20. The method of claim 1 wherein the stent substrate is a sheet, the method further 
comprising the steps of rolling the sheet and welding the sheet to form a tube. 

5 21. The method of claim 20 wherein the sheet has pattern cut therein via a method 
selected from the group consisting of laser etching, chemical etching, mechanical 
cutting and electrodischarge machining. 

22. The method of claim 1 wherein the stent substrate is a tube. 

23. The method of claim 22 wherein the tube has a pattern cut therein via a method 
10 selected from the group consisting of laser etching, chemical etching, mechanical 

cutting and electrodischarge machining. 

24. The method of claim 1 wherein the stent substrate has an inner surface and an 
outer surface and the laser beam is directed at a portion of the inner surface of the stent 
to polish the portion of the inner surface of the stent. 

15 25. The method of claim 1, the stent substrate having an inner surface, an outer 

surface and a plurality of side surfaces extending between the inner surface and the outer 
surface, wherein the laser beam is directed at a portion of at least one of the side 
surfaces of the stent to polish the portion of the side surface. 
26. The method of claim 25 wherein all of the side surfaces are polished. 

20 27. The method of claim 1 , the stent substrate having an inner surface, an outer 
surface a plurality of side surfaces extending between the inner surface and the outer 
surface and a plurality of edges, the edges formed at the intersections of the inner 
surface and the side surfaces and at the intersections of the outer surface and the side 
surfaces wherein the laser beam is directed at a portion of at least one edge to polish the 

25 portion of the edge. 

28. The method of claim 27 wherein all of the edges are polished. 

29. A method of polishing at least a portion of a stent substrate comprising the steps 
of: 

providing a stent substrate; 
30 providing a laser operating at a wavelength absorbable by the stent substrate; 

directing a laser beam output from the laser at a portion of the stent substrate, the 
laser beam characterized by a fluence of between about 1 J/cm 2 and 5000 J/cm 2 . 

30. The method of claim 29 wherein the laser is pulsed. 
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31. The method of claim 29 wherein the laser beam is characterized tiy an intensity 
of between 10 4 and 10 6 Watts/cm 2 . 

32. A method of polishing at least a portion of a stent substrate comprising the steps 

of: ' 

5 providing a stent substrate; 

providing a laser operating at a wavelength absorbable by the stent substrate; 
directing a laser beam output from the laser at a portion of the stent substrate, the 
laser beam melting a surface layer of the stent substrate to a depth of no greater than 5 
percent of the thickness of the stent substrate in the portion of the stent substrate 
10 impinged by the laser beam. 

33 . A method of polishing at least a portion of a medical guidewire for use with a 
catheter comprising the steps of: 

providing a medical guidewire; 
providing a laser; and 

15 irradiating the surface of the guidewire with a beam of radiation from the laser at 

r 

a wavelength absorbed by the guidewire to cause a controlled level of melting of the 
surface of the guidewire in the portion of the guidewire impinged by the laser beam; and 
allowing the surface of the guidewire to solidify. 

34. A method of polishing at least a portion of a guidewire comprising the steps of: 
20 providing a guidewire; 

providing a laser operating at a wavelength absorbable by the guidewire; 

directing a laser beam output from the laser at a portion of the guidewire, the 
laser beam melting a surface layer of the guidewire to a depth of no greater than 5 
percent of the thickness of the guidewire in the portion of the guidewire impinged by the 
25 laser beam. 

35. A method of polishing at least a portion of a component for use with a catheter 
system comprising the steps of: 

providing the component for use with a catheter system; 

providing a laser operating at a wavelength absorbable by the component for use 
30 with a catheter system; 

directing a laser beam output from the laser at a portion of the component for use 
with a catheter system, the laser beam melting a surface layer of the component for use 
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with catheter system to a depth of no greater than 5 percent of the thickness of the 
component in the portion of the component impinged by the laser beam. 

36. The method of claim 35 wherein the component is a stent or vena cava filter. 

37. The method of claim 35 wherein the component is a guidewire. 
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